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Abstract 
Background: Ventriculostomy-related infections (VRIs), particularly ventriculitis, is a serious 
nosocomial infection associated with high morbidity and mortality.  The use of bundles have 
been shown to reduce VRI rates in non-randomized, single center studies.  A bundle is a set of 
evidence-based interventions that when implemented consistently, can improve outcomes.  The 
purpose of this Doctor of Nursing Practice (DNP) project was to determine if the development 
and implementation of a best practice bundle for ventriculostomy insertion and maintenance 
would lead to a reduction in the incidence of VRIs in the Neurologic Critical Care Unit at 
Christiana Hospital.  Utilizing the Stetler Model for Research Utilization, a best practice bundle 
of interventions was created based on synthesis of research findings.  The bundle included 
interventions related to insertion, antibiotic use, dressing change procedure and frequency, and 
cerebrospinal fluid sampling. Methods: Institutional Review Board approval was obtained.  Staff 
education was completed and the bundle was implemented.  Baseline data from 12 months 
preceding bundle implementation was collected retrospectively (March 7, 2015 – March 7, 
2016), and prospective data was collected for six month following bundle implementation 
(March 8, 2016 – September 8, 2016).  VRIs were defined based on standard diagnostic criteria.  
The primary outcome measure was change in VRI rates pre and post intervention. A secondary 
outcome measured was the difference in the mean number of catheter days in those with and 
without a VRI. Findings: A Chi-squared test was used for the primary outcome measure, and a t-
test for Equality of Means and a Pearson Correlation was used for the secondary outcome.  The 
baseline VRI rate for the 12 months preceding the intervention was 5.76 per 1,000 catheter days.  
Following bundle implantation, the VRI rate was reduced to zero.  Although reduced, statistical 
significance was not achieved given the overall low number of events.  The mean number of 
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catheters days in those with a VRI was 13.0 compared to a mean number 7.52 days in those 
without a VRI.  Although varied, they are not statistically significant. A small correlation was 
identified between the number of catheter days and incidence of infection.  Conclusion: The 
implementation of the best practice bundle for ventriculostomy insertion and maintenance led to 
a reduction in VRIs. Although not statistically significant, this is clinically significant for those 
patients who avoided a VRI and its associated complications.  
Keywords:  Ventriculostomy, External Ventricular Drain, Ventriculitis, Infection, Bundle
VENTRICULOSTOMY BUNDLE  8  
Introduction  
 A ventriculostomy or external ventricular drain (EVD) is a small catheter that is inserted 
through a burr hole in the skull and terminates in the ventricles in the brain in order to measure 
intracranial pressure (ICP), drain cerebrospinal fluid (CSF), and administer intrathecal 
medications.  These drains are typically used for patients with acute hydrocephalus related to 
subarachnoid hemorrhage, intracerebral hemorrhage, intraventricular hemorrhage, traumatic 
brain injury, or neoplasms obstructing the circulation of CSF (Lozier, Sciacca, Romangnoli, & 
Connolly, 2002).  Although therapeutic and life-saving in many cases, EVDs predispose patients 
to ventriculostomy-related infections (VRIs), particularly ventriculitis, which is a serious 
nosocomial infection associated with high morbidity and mortality (Beer et al., 2008).  The 
incidence of VRIs, particularly ventriculitis, have been reported to range between 3.4- 21.9% 
(Babu, Patel, Marsh, & Wijdicks, 2011).  This wide range is likely related to differences in 
diagnostic criteria among studies, demographic disparities, and variations in clinical practices 
(Lewis et al., 2015).  In the literature, the implementation of standardized protocols or “bundles” 
for ventriculostomy placement or maintenance have been associated with reduced infection rates 
(Chatzi et al., 2014; Dasic, Hanna, Bojanic, & Kerr, 2006; Flint et al., 2013; Harrop et al., 2010; 
Hill et al., 2012; Honda et al., 2010; Korinek et al., 2004; Kubilay et al., 2013; Leverstein-Van 
Hall et al., 2010;  Lwin, Low, Choy, Yeo, & Chou, 2012; Rahman, Whiting, Fauerbach, 
Archibald, & Friedman, 2012).  The promising results of these studies served as the basis for this 
project.  In this quality improvement initiative, a bundle of best-practice interventions for 
ventriculostomy management was implemented in the Neurologic Critical Care Unit (NCCU) at 
Christiana Hospital with the overall goal of reducing VRI rates.   
Problem Statement 
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VRIs and associated clinical ventriculitis is associated with significant morbidity and 
mortality (Beer et al., 2008).  Ventriculitis is typically associated with fever which independently 
is known to worsen long-term neurologic outcomes in brain injured patients (Greer, Funk, 
Reaven, Ouzounelli, & Uman, 2008).  Treatment includes intravenous antibiotics, and depending 
on the severity of infection and response to treatment, intrathecal antibiotics and/or catheter 
exchange may be warranted (Beer, Pfausler, & Schmutzhard, E., 2009).  In the patient 
anticipating internal shunt placement for permanent CSF diversion, this procedure may need to 
be delayed for up to ten days from the patient’s last negative CSF culture (Tunkel et al., 2004).  
 The treatment of this device-related ventriculitis along with associated complications is 
not only costly, but increases hospital length of stay.  The economic burden of VRIs have not 
been reported, but as a whole, hospital acquired infections in the United States were estimated to 
have an annual cost on hospital systems of 6.65 billion dollars in 2007 (Scott, 2009).  Globally, 
health care associated infections (HCAI) represent the most frequent adverse event during 
healthcare delivery and affects an estimated hundreds of millions of people.  HCAIs are known to 
prolong hospital stays and recovery time, increase antimicrobial resistance, and incurs substantial 
healthcare costs (World Health Organization, 2015).   
EVDs are ubiquitous in the NCCU and require meticulous care in order to prevent these 
serious infections.  At Christiana Hospital, it was identified that variations in nursing and 
provider practice existed, including dressing change technique and frequency, CSF sampling 
procedures, and use of systemic prophylactic antibiotics.  The nursing clinical practice guidelines 
were broad and not reflective of the best and most current available evidence.  In order to 
standardize practice in a way that was reflective of current evidence-based interventions, a best 
practice bundle was created.  The use of bundles are endorsed by both the Joint Commission and 
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the Institute of Health Care Improvement (IHI) and are described as a structured, straight-forward 
method to improve care processes through a set of evidenced-based interventions (The Joint 
Commission, 2006; Institute for Healthcare Improvement, 2012.).  Moreover, improving 
healthcare value through the reduction of unnecessary practice variations is in line with the 
overall goals of Christiana Hospital and the Neuroscience Service Line.  
Aims and Objectives 
The overall aim of this DNP scholarly project was to improve the quality of care for 
patients in the NCCU at Christiana Hospital with EVDs by implementing a series of 
interventions to reduce VRI rates.  Objectives are as follows: 
• To determine if the implementation of a best-practice bundle of interventions for EVD 
insertion and maintenance will reduce the incidence of VRIs in the NCCU at Christiana Hospital 
• To increase awareness of VRIs amongst staff in the NCCU through education  
Review of Literature 
In order to establish best-practice interventions, a review of the literature was performed to 
determine the risk factors for acquiring a VRI as well as interventions to reduce this risk.  These 
risk factors and interventions were then considered in the development of the best-practice 
bundle.                                                                                                                                          
Risk Factors 
Several risk factors for the development of a VRI have been identified.  These include 
anything that facilitates a route for bacteria to enter into the brain such as frequent irrigation and 
manipulation through CSF sampling and administration of medications such as intraventricular 
tissue plasminogen activator (TPA) (Fabiano, Gruber, & Baxter, 2013; Williams, Leslie, Dobb, 
Roberts, & Heerden, 2011).  A significant risk factor is duration of drainage with an increased 
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risk with catheterization greater than five days (Kim et al. 2012; Lozier et al., 2002).  Patient 
factors include the presence of intraventricular hemorrhage, concomitant systemic infections, 
craniotomy, and depressed skull fractures (Babu et al., 2011; Lozier et al., 2012).  The 
environment of placement such as the operating room, intensive care unit, or emergency 
department has been studied but not found to be a significant risk factor for infection (Lozier et 
al., 2002).                                                                                                                       
Interventions for Risk Reduction  
Interventions related to EVD placement, maintenance, and use of prophylactic antibiotics 
have been studied.  These include neurosurgical interventions, nursing interventions for EVD 
maintenance, pharmacologic interventions through the appropriate use of antibiotics, and the use 
of bundles aimed to reduce infection rates.  
Insertion and neurosurgical interventions. Neurosurgical interventions shown to reduce 
VRI rates include subgaleal tunneling greater than five centimeters (Friedman & Vreies, 1980) 
and the use of antibiotic coated or impregnated catheters (Harrop et al., 2010; Wong, Ip, Poon, 
Mak, & Ng, 2010; Zabramsky et al., 2003) or silver processed catheters (Lajcak, Heidecke, 
Haude,& Rainov, 2013).  To avoid contamination during EVD insertion, it is pertinent that strict 
sterility be maintained throughout the procedure.  The American Association of Neuroscience 
Nursing (AANN) recommends that all EVDs be placed under sterile technique with maximum 
barrier protection, with all those in the room wearing a mask and a hat.  Hair should be braided or 
clipped prior to insertion, and the site should be appropriately cleaned with an antiseptic solution 
(Slazinski et al., 2011). 
Dressing changes. For maintenance of EVDs, the AANN recommends that dressings are 
sterile and occlusive, and are changed every 48 hours or when soiled (Slazinski et al., 2011).  
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However, the recommendation for dressing change frequency was based on level three evidence.  
In a bundle proposed by Flint et al. (2013) in which infections were significantly reduced, 
dressings were not changed routinely, but instead for dressing compromise only.  The use of 
chlorhexidine-alcohol or iodine are both acceptable for skin antisepsis.  In the eleven bundles 
studied which all conferred a reduction in infection rates, one used chlorhexidine-alcohol (Flint 
et al., 2013;), six used iodine (Chatzi et al., 2013; Harrop et al., 2010; Hill et al., 2012; Honda et 
al., 2010; Korinek et al., 2005; Kubilay et al., 2013), two used both chlorhexidine-alcohol and 
iodine (Dasic et al., 2006; Rahman et al., 2012), and two did not report the agent used for 
antisepsis (Leverstein Van-Hall, 2010; Lwin et al., 2012).  In a large study examining the 
incidence of surgical site infections after preparation with chlorhexidine-alcohol versus 
povidone-iodine, chlorhexidine-alcohol was found to be superior in reducing infection rates 
(Darouiche et al., 2010).  In a systematic review of clinical trials investigating skin antisepsis, it 
was concluded that chlorhexidine-alcohol is favorable compared to other aqueous competitors 
for blood culture collection, vascular catheter insertion, and surgical skin preparation (Maiwald 
& Chan, 2012).  There are no published randomized controlled trials studying chlorhexidine-
alcohol versus iodine preparation for the reduction of VRIs.  The use of a chlorhexidine-eluting 
patch is used at some institutions.  There are no published studies directly examining the use of a 
chlorhexidine-eluting patch for EVDs.  In the study by Flint et al. (2013), a chlorhexidine-eluting 
patch was used as part of their bundle which conferred a reduction in VRIs.  
CSF sampling.  It is recommended that CSF sampling be performed only when there is 
clinical suspicion for infection (Slazinski et al., 2011).  When CSF sampling is performed, it is 
recommended that staff are properly trained and competent as this is a sterile procedure 
(Slazinski et al., 2011).  For cleaning access ports, there are no published studies examining EVD 
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ports.  The best data supporting the cleaning of EVD access ports are from the vascular access 
device literature. The Center for Disease Control (CDC) recommends isopropyl alcohol for 
cleaning vascular access ports, with povidone-iodine also being an acceptable option (Meyer, 
2009).  
Prophylactic Antibiotics.  The use of systemic prophylactic antibiotics is controversial.  In 
a systematic review by Sonabend et al. (2011), the authors recommended the use of prolonged 
systemic prophylactic antibiotics to reduce VRI rates, which was based on two randomized 
controlled trials and one observational study.  The best evidence was derived from a randomized 
controlled trial by Poon, Ng, and Wai (1998) which examined the efficacy of periprocedural 
antibiotics only compared to prolonged prophylactic antibiotics for the duration of ventricular 
catheterization.  It was found that there was a significantly lower rate of VRIs as well as other 
extracranial infections with the prolonged antibiotic strategy.  However, for those in the 
prolonged antibiotic group who did acquire an infection, it was more likely that these were from 
resistant or opportunistic pathogens such as candida or methicillin-resistant staph aureus 
(MRSA).  There was also an increase in mortality in those in the longer treatment group 
compared to those receiving a shorter antibiotic course.  In a study comparing the use of 
antibiotic-impregnated catheters with periprocedural antibiotics only versus a standard catheter 
with prolonged systemic antibiotics, there were no significant changes in VRI rates (Wong et al., 
2010).  In a prospective observational cohort study examining the efficacy of a conservative 
antibiotic policy with one day of chloramphenicol or one dose of ceftriaxone in patients 
undergoing elective neurosurgical procedures, it was concluded that a conservative use of 
systemic antibiotics is effective in the reduction of post-operative meningitis (Moorthy, Sarkar, & 
Rajshekhar, 2013).  For neurosurgical procedures, the American Society of Health-System 
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Pharmacists and the Infectious Disease Society of America recommend a single dose of 
antimicrobial prophylaxis to be given within 60 minutes of incision (Bratzler et al., 2013).  This 
recommendation is supported by the Neurocritical Care Society, which also strongly 
recommends against the use of antimicrobials for the duration of EVD placement (Fried et al., 
2016).  It is also important to note that a major goal of both the CDC and the United States 
Government is to prevent the emergence and spread of antimicrobial resistant bacteria through 
the judicious use of antibiotics (The White House, 2014).  
Bundles.  The use of bundles have been shown to reduce VRI rates in non-randomized, 
single-center studies, which are summarized in a table of evidence in Table 1 (Chatzi et al., 2014; 
Dasic et al., 2006; Flint et al., 2013; Harrop et al., 2010; Hill et al., 2012; Honda et al., 2010; 
Korinek et al., 2004; Kubilay et al., 2013; Leverstein-Van Hall et al., 2010;  Lwin et al., 2012; 
Rahman et al., 2012).  The interventions included in these bundles were not identical among 
studies.  However, given these positive results, the Neurocritical Care Society recommends the 
use of EVD management bundles which include aseptic insertion, limiting manipulation of the 
closed system, and standardization of dressings and weaning (Fried et al, 2016).  In a white paper 
put forth by the IHI, the use of bundles are advocated and the importance of evidenced-based 
interventions are highlighted (IHI, 2012).  
Theoretical Framework 
The theoretical framework guiding my DNP project was the updated 2001 version of the 
Stetler Model of Research Utilization, which is an evidence-based practice model focusing on 
research utilization and critical thinking to improve outcomes (Stetler, 2001).  The five phases in 
this model include preparation, validation, comparative evaluation/decision making, 
translation/application, and evaluation (Stetler, 2001).  These phases are designed to promote 
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critical thinking throughout the process of research utilization in an effort to promote the use of 
evidence in practice (National Collaborating Centre for Methods and Tools, 2001). The 
preparation phase includes identifying the problem, considering the factors influencing the 
problem through the process of critical thinking, and performing a literature search based on a 
conscious plan for the type of research desired.  Validation is the process of critiquing the 
literature and deciding to accept or reject the research as a source of evidence.  Comparative 
evaluation/decision making involves synthesizing the research and deciding to use, not use, or 
consider using.  Translation/application focuses on developing a strategy for the implementation 
of synthesized findings.  Lastly, evaluation is the final phase, which includes the use of formative 
and summative assessments to evaluate the implementation plan (Stetler, 2001).  A schematic 
diagram illustrating the utilization of the Stetler Model of Research Utilization throughout this 
DNP project can be found in Figure 1.  
Methods 
The methods described in this section cover all aspects of implementation of this quality 
improvement initiative.  
Project Design  
A pretest-posttest design was used for my DNP project.  This design measures 
performance before and after the introduction of an intervention in the same study site, and 
observed differences in performance are assumed to be due to the intervention (Eccles, 
Grimshaw, Campbell, & Ramsay, 2003).  This design was fitting for the overall aim of my DNP 
project, which was to not gain new knowledge through research, but to instead improve 
outcomes and quality of care through research utilization and application of the best evidence 
through the implementation of a best practice bundle.  The intervention was the implementation 
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of a best-practice bundle, and VRI rates before and after this intervention were measured.  
Retrospective data was collected for the twelve months preceding bundle implementation, which 
took place between March 7, 2015 and March 7, 2016.  Prospective data was collected for six 
months following bundle implementation, ending September 8, 2016.   
Setting 
Christiana Hospital served as the setting for my DNP project.  This location was chosen 
due to convenience of implementation, personal dedication to the patients served in the 
organization, and verbal agreement from key stakeholders for implementation of practice 
changes.  These stakeholders included the NCCU nurse manager, the staff development 
specialist, and the Neurosurgery Department who have agreed to the planned practice changes.  
The revised nursing clinical practice guidelines reflecting the elements of the bundle were 
presented and accepted by the system-wide Nursing Evidence Based Practice Council.  
Collaboration occurred with the nursing staff in the NCCU throughout the education and 
implementation process as well as the clinical pharmacist who was supportive of plans for 
antibiotic usage.  
Participants/Sample 
A consecutive sampling strategy was used to obtain participants for my DNP project.  In a 
consecutive sampling strategy, all people from an accessible population who meet eligibility 
criteria over a specific time period are chosen to participate (Polit & Beck, 2012, p. 278).  
Inclusion criteria consisted of individuals over the age of 18 who were admitted to the NCCU at 
Christiana Hospital with an EVD.  Exclusion criteria consisted of those with an active central 
nervous system (CNS) infection such as meningitis, infected ventricular shunt, or brain abscess 
prior to EVD placement.  Between March 7, 2015 and March 7, 2016 there were 88 patients in 
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total with EVDs.  Seven patients were excluded due the presence of active CNS infection prior to 
EVD placement, leaving 81 patients included in data analysis.  Between March 7, 2016 and 
September 7, 2016, there were 36 patients in total with EVDs and four patients excluded, leaving 
32 patients included in data analysis post intervention.  It is important to note that some patients 
had more than one catheter during their hospitalizations.   
Measures  
The key outcome measure of my DNP project was the incidence of VRIs.  As with all 
quality improvement initiatives, it is essential to establish a clear definition of VRI so that 
diagnostic criteria is standard throughout the data collection process (Carey & Lloyd, 2001, pg. 
25).  The definition of VRI that was used was one that was proposed in an article by Gozal et al. 
(2014) which closely resembles the CDC’s definition of meningitis or ventriculitis.  This 
diagnostic criteria includes the presence of a positive CSF culture in a patient with an EVD, plus 
a temperature documented greater than 101.5° F or CSF glucose level less than 50 mg/dL or less 
than 50% of a serum glucose level drawn within 24 hours of the CSF glucose (Gozal et al., 
2014).   
Procedures 
Bundle Development and Implementation.  Using the Stetler Model for Research 
Utilization, the best-practice bundle was developed based on evidenced-based interventions 
derived from review and synthesis of relevant literature.  The bundle of interventions along with 
the scientific rationale can be found in Figure 2.  These interventions were included in the 
system-wide nursing clinical practice guidelines entitled “ICP Monitoring: Intraparenchymal Bolt 
and Ventriculostomy” that were revised to reflect these practice changes.  These guidelines are 
published on the intranet and readily available to all nursing staff.  The first element of the 
VENTRICULOSTOMY BUNDLE  18  
bundle is completing a pre-procedure checklist, entitled “Ventriculostomy Placement 
Worksheet.”  The use of a pre-procedure checklist was not a change in practice in the NCCU, but 
the contents of the checklist were revised to reflect practice changes.  These worksheets are kept 
in the ventriculostomy procedure cart, which is a cart containing all necessary supplies that is 
placed outside of the patient room before all ventriculostomy procedures occur.  This worksheet 
can be viewed in Figure 3.  Other key bundle elements include the administration of an antibiotic 
within sixty minutes of incision with cefazolin being the antibiotic of choice.  Alternative 
antibiotics include vancomycin or clindamycin.  A sign reminding staff to ensure the 
administration of a pre-procedure antibiotic was placed on top of the ventriculostomy procedure 
cart.  The procedure for dressing changes is outlined in the bundle.  This includes changing the 
dressing only when loose or soiled, the use of a chlorhexidine solution for skin preparation, 
placement of a chlorhexidine-eluting patch around the catheter site, and maintenance of a secure 
and adherent dressing through the use of benzoin tincture and sterile adhesive strips.  The CSF 
sampling procedure is also outlined, siting the use of isopropyl alcohol for cleaning the access 
port.  Maintenance of sterility is highlighted for insertion, dressing changes, and CSF sampling.   
Education. Education was disseminated to all members of the nursing and provider staff 
through a PowerPoint presentation sent through email.  Individual education for all staff 
members was completed with the help of the staff development specialist.  
Data collection. To identify patients with EVDs for data collection, an infection control 
spreadsheet that is maintained by the Infection Prevention Department at Christiana Hospital was 
reviewed.  The electronic medical record (EMR) of identified patients was reviewed and the 
following information was recorded: medical record number, date of EVD insertion and removal, 
number of device days, and the presence or absence of a positive CSF culture.  For those patients 
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with a positive CSF culture, whether or not the patient meets diagnostic criteria for a VRI was 
recorded.  
Human Subjects Protection 
Institutional Review Board (IRB) approval was obtained from the Christiana Hospital and 
Drexel University.  Informed consent was not obtained for this quality improvement initiative 
where each patient received standard care based on established evidence.  To ensure 
confidentiality, patients were identified by their medical record number only and no other 
identifier.   
Evaluation (Data Management and Data Analysis)  
The evaluation phase in the Stetler Model of Research Utilization includes both formative 
and summative assessments (Stetler, 2001).  Summative assessment includes data analysis to 
determine if the desired outcome, or reduction of VRI rates, was achieved.  For this analysis, the 
data outlined above was stored on an Excel spreadsheet on a password locked computer.  The 
rate of VRIs was calculated as a function of the total number of EVD device days and normalized 
per 1,000 days per the following equation:  
VRI Rate = Number of VRIs/ Number of EVD device days x 1,000  
A chi-square analysis with a level of significance of 0.05 was performed to determine if 
there was a significant difference between the outcome of interest (infection) in the pre and post 
intervention groups.  A run chart was created to display the number of events (VRIs) before and 
after the intervention.  This provides a running record of events over time to display the trend in 
infection rates and is included in Figure 4 (Carey & Lloyd, 2001). 
 Additionally, using the same data, a t-test for equality of means was used to compare the 
length of time the catheters were in place in those with and without infections. A Pearson 
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Correlation (two-tailed, alpha level of significance 0.05) was then calculated to determine if there 
is a correlation between the number of catheter days and the outcome.  
Formative evaluation includes assessment of the process itself.  With the nursing-staff 




In the pre-intervention period, there were a total of 81 patients included with 93 catheters 
and 868 catheter days.  In the post-intervention period, there were 32 patients included with 38 
catheters and 288 catheter days.  In the twelve months preceding the intervention, there were five 
infections total with a VRI rate of 5.76 per 1,000 catheter days.  In the six months following the 
intervention, the VRI rate was reduced to zero.  Although VRI rates were reduced to zero, 
statistical significance was not achieved.  In total (pre and post intervention), there were five 
infections with an overall infection rate of 3.8%.  Based on probabilities, the expected count of 
infections in the post-intervention group was 1.5.  With zero infections in the post-intervention 
group, we see little variability between the actual and expected number of infections, showing 
that the change in infection rates was not statistically significant.  However, given such a small 
total number of events, this finding was anticipated.  A run chart displaying the trend in infection 
rates preceding and following bundle implementation is depicted in Figure 4.  
Catheter Days  
Knowing that duration of catheterization is a known risk factor for VRI (Kim et al., 2012; 
Lozier et al., 2002), an additional analysis was performed comparing mean catheter days in those 
patients without an infection compared to the mean number of catheter days in patients with an 
VENTRICULOSTOMY BUNDLE  21  
infection.  The mean number of catheter days in those with infections was 13 (standard deviation 
4.85, standard error 2.17, 95% confidence) compared to a mean number of 7.52 catheter days 
(standard deviation 5.89, standard error 0.53, 95% confidence) in those without an infection.  
Although these means and standard deviations do vary quite a bit, statistical significance was not 
achieved at a level of 0.05.  Having a small number of catheters in total, large differences and 
small standard deviations would be needed to see a statistical difference.  Using a Pearson 
Correlation, a relatively small correlation (.178) between the number of catheter days and 
infection was identified.  
Staff Surveys  
Surveys were sent via email to fifty staff nurses and twenty responses were received. The 
survey questions and results are included in Figure 5.  Using a Likert scale of 1-5 rating the 
degree of effectiveness of education regarding practice changes (1 being the least effective and 5 
being the most effective), 90% of responders chose 4 or 5 and 10% chose 3, showing that 
education was perceived to be overall effective, while there are still opportunities for continued 
education and clarification.  
Ninety-five percent of responders answered that the pre-procedure “Ventriculostomy 
Placement Worksheets” were readily available and accessible in practice. One hundred percent of 
responders reported that they feel competent in the dressing change and CSF sampling 
procedures as outlined in the “ICP Monitoring: Intraparenchymal Bolt and Ventriculostomy” 
clinical practice guidelines.   
To assess for potential barriers to timely pre-procedure antibiotic administration, 60% 
reported that they perceived that the most significant barrier was that the medication was not 
delivered by pharmacy in a timely manner.  Thirty-five percent reported that procedures occur 
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emergently, not leaving enough time for the ordering, delivery, or administration in a timely 
manner.  Five percent reported that medication is not ordered in a timely manner, at all, or not 
ordered “stat.”  No one responded that timely antibiotic administration is not considered a 
priority.   
Lastly, staff were asked to respond open-endedly on their perceptions on how the 
ventriculostomy practice changes affect overall patient care and outcomes.  For this question, 
five staff members responded and 15 skipped the question.  In summary, two staff members 
responded positively to the new dressing siting increased visibility of the catheter site, allowing 
for more careful assessment.  One noted that the neurosurgeons are not removing enough hair, 
making the dressing less adherent and more difficult to apply.  One staff member noted that the 
worksheets are useful for determining how an infection may have occurred and that the CSF 
sampling procedure is less time consuming.  One responded that “preventing infection is key 
with critical patients” and that “providing an effective and standardized practice allows for 
smoother flow among staff and providers.”   
Discussion 
Given the positive results of published studies examining the efficacy of infection control 
bundles for the reduction of VRIs and based on the recommendation by the Neurocritical Care 
Society for the use of EVD management bundles (Fried et al, 2016), this DNP scholarly project 
focused on the development and implementation of a best-practice bundle with the goal of 
reducing VRI rates in the Neurocritical Care Unit.  This bundle focused on the use of a pre-
operative checklist, timely administration of a pre-operative antibiotic, maintenance of sterility 
during insertion, clipping of an adequate amount of hair to allow for dressing adherence, and 
standardization of dressing changes and CSF sampling based on the best-available evidence.  
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Overall Findings 
  Although not statistically significant, the VRI rate was reduced from a baseline of 5.76 
per 1,000 catheter days to zero over the six month period following bundle implementation. The 
positive results of this quality improvement initiative were consistent with the results of previous 
studies examining the efficacy of infection control bundles for the reduction of VRIs (Chatzi et 
al., 2014; Dasic et al., 2006; Flint et al., 2013; Harrop et al., 2010; Hill et al., 2012; Honda et al., 
2010; Korinek et al., 2004; Kubilay et al., 2013; Leverstein-Van Hall et al., 2010;  Lwin et al., 
2012; Rahman et al., 2012).  Due to the low number of events in the pre-intervention period, 
statistical significance was not achieved.  However, given the detrimental effects of VRIs and the 
high morbidity and mortality associated with the VRIs (Beer et al., 2008), these results are 
clinically significant.  With an expected 1.5 infections in the post-intervention group, for those 
one or two patients who otherwise may have contracted a VRI, this serious healthcare acquired 
infection and its associated complications were avoided.  
A secondary analysis was performed examining the relationship between the number of 
catheter days and the incidence of infection. With a mean of 13 days in infected patients 
compared to 7.52 days in those without an infection, additional efforts can be made moving 
forward to reduce the number of catheter days.  These efforts include being more proactive in 
partnering with the neurosurgeons and Neurocritical Care providers regarding the weaning and 
removal of drains, and placement of permanent shunts when necessary.  Because this was a 
quality improvement project, analysis of additional outcomes not pertaining to the primary goal 
was not undertaken. 
Limitations 
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Limitations of this quality improvement project include that it was single-centered and 
not generalizable to other populations.  However, these findings certainly add to the scientific 
body of knowledge.  A pretest-posttest design was used, and therefore it is assumed that the 
reduction in VRIs were related to the intervention, but other factors outside of those included in 
the bundle may have confounded results.  The Hawthorne effect is also a possibility, as the staff 
were aware of the project and behavior may have been influenced because of this (Polit & Beck, 
2012, p.216).  Continued surveillance will be necessary to ensure that compliance is maintained.  
It is also important to note that bundle elements were not based on high-level randomized 
controlled trial evidence and interventions may need to be refined as new evidence emerges.  
Strengths 
The primary goal of reducing the VRI rate was achieved.  For the first time since the 
Neurologic Critical Care Unit was opened in July, 2013, there were zero VRIs for two 
consecutive quarters, highlighting an important accomplishment for the unit.  Involving the 
departments of Nursing, Neurosurgery, Neurocritical Care, and Pharmacy, this project expanded 
across disciplines to improve patient outcomes and quality of care.  Additional strengths of this 
project include an increased awareness of VRIs through education, standardization of care, and a 
reduction in the unnecessary use of prolonged systemic antibiotics.   
Implications for the Future  
This quality improvement project is ongoing.  Continued surveillance will occur and 
practice will evolve as new, high quality evidence emerges.  Results of the staff survey show that 
there are still areas for improvement regarding education, neurosurgery involvement in clipping 
an adequate amount of hair, and timely ordering and delivery of the pre-operative antibiotic. 
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This DNP project highlights the translation of research evidence to practice, which is 
sited as a key activity of the DNP graduate (The American Association of Colleges of Nursing, 
2006).  Reducing healthcare associated infections and unnecessary practice variations is a goal of 
Christiana Hospital and the Neuroscience Service Line, and this DNP project provides a real life 
example of how this can be achieved.  
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Tables 
Table of Evidence: Reduction in VRIs after Implementation of Bundle/Protocol 
 




Chatzi et al., 
2014 
Education, meticulous 
catheter handling, CSF 
sampling only when 
clinically necessary, routine 
replacement of EVD catheter 






Insertion in OR only unless 
emergent, all staff in room 
wear cap, one time dose of 
antibiotic pre-operatively and 
one time IT Vancomycin if 
possible, area shaved and 
prepped with betadine and 
chlorhexidine, catheter 
tunneled at least 10 cm, no 
routine EVD changes, CSF 
sampling only when 
clinically necessary  
27% 12% 
Flint et al., 
2013 
All staff wear cap and mask, 
broad clipping of hair with 
sufficient room for medium 
sized adherent dressing, 
chlorhexidine skin prep, 
antibiotic coated catheter, 
catheter tunneled 3-5 cm and 
secured with staples, 
standard dressing with 
chlorhexidine eluting patch/ 
benzoin tincture/adherent 
dressing/steri-strips, dressing 
changes for compromise 
only, standard procedure for 
CSF sampling under sterile 
conditions with alcohol and 
chlorhexidine for antisepsis 
9.8% 0.8% 
Harrop et al, 
2010 
Elimination of traffic during 
insertion, clipping of hair, 
surgical scrub with full 
6.7% 0.9% 
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barrier precautions, skin 
antisepsis with iodine, 
tunneling of catheter, use of a 
bio-occlusive dressing, 
reduction of CSF sampling 
from daily to three times per 
week, use of antibiotic-
impregnated catheters 
Hill et al, 2012 Use of pre-procedure 
checklist ensuring sterility 
with maximum barriers, 
sterile dressing changes with 
use of iodine for skin prep, 
use of laminated cards 
outlining dressing change 
process, accurate 
documentation of 
procedures, weekly infection 
control rounds, education 
16 per 1,000 catheter 
days 
0 in 25 months 
Honda et al., 
2010 
All staff wear cap and mask, 
standard dressing protocol 
consisting of sterile gauze 
with adhesive tape to cover 
catheter site, dressing 
changes every 48 hours with 
documentation of procedure, 
and the use of antibiotic 
impregnated catheters  
3.56 per 1,000 
catheter days 
0.87 per 1,000 
catheter days 
Korinek et al., 
2005 
EVD insertion in OR, hair 
clipped and shampooed with 
Betadine scrub, skin 
antisepsis with iodine 
alcohol, tunneled for a “few” 
cm, sterile dressing, single 
dose of antibiotic pre-
operatively, reducing EVD 
manipulation, CSF sampling 
only when clinically 
necessary 
9.9% 4.6% 
Kubilay et al., 
2013 
Use of pre-procedure 
checklist ensuring sterility 
with maximum barriers and 
proper insertion, prophylactic 
antibiotics as deemed 
appropriate by clinician, 
9.2% 0.46% 
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clipping of hair wide enough 
for dressing, skin prep with 




Hall et al., 
2010 
Sterility with maximum 
barriers, pre-operative 
antibiotic, maintenance of 
closed system, no routine 
dressing changes  
37% 9% 
Lwin, Low, 
Choy, Yeo, & 
Chou, 2012 
Proper surgical/antiseptic 
technique, aseptic technique 
for CSF sampling, CSF 
sampling only when 
clinically necessary, 
minimizing number of days 
EVD maintained, EVD care 
workshops and competency 
skill checklists for nurses 
6.1% 0% 
Rahman et al., 
2012 
EVDs placed only in OR 
units stocked with 
“ventriculostomy cart”, use 
of procedural checklist, prep 
with alcohol and antiseptic 
solution, use of antibiotic-
coated catheters, clipping of 
hair, single dose pre-
operative antibiotic, dressing 
changes by neurosurgical 
team every 72 hours 
9.2% 0% 
Key: CSF- Cerebrospinal Fluid, EVD- External Ventricular Drain, IT- Intrathecal, OR- Operating 
Room  
 
Table 1. Table of Evidence of Ventriculostomy Bundles   
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Figure 2. Ventriculostomy Bundle  
Insertion:  Rationale: 
“Ventriculostomy Placement Worksheet” to be 
completed by registered nurse (RN).  
 
The use of checklists have been endorsed by the 
Institute for Health Care Improvement to ensure safe 
and reliable processes. (Institute for Healthcare 
Improvement, n.d.)  
A dose of antibiotic should be given 60 minutes prior 
to ventriculostomy insertion.  
The American Society of Health-System Pharmacists 
(ASHP) and the Infectious Disease Society of America 
(IDSA) recommends the use of single-dose 
antimicrobial prophylaxis 60 minutes prior to incision 
to reduce the risk of infection (Bratzler et al., 2013).  
Dressing Changes:   
Dressing changes are completed by the RN.  Dressings 
are changed only when loose or soiled. 
To prevent unnecessary exposure of the insertion site to 
the environment.  
Dressing changes are to be performed as a sterile 
procedure. A hat and mask are to be worn throughout 
the procedure.  Clean gloves are worn for dressing 
removal.  Sterile gloves are donned for dressing change 
procedure.  
As per recommendation of the American Association of 
Neuroscience Nursing (Slazinki et al., 2011). 
Contamination often occurs on the skin tract at 
placement (Dasic et al., 2006).  
Ventriculostomy insertion site and surrounding area is 
cleansed with an antiseptic solution comprised of 2% 
chlorhexidine gluconate (CHG) and 70% isopropyl 
alcohol (IPA).  The area is to be cleansed for 30 
seconds and allowed to completely dry.  Povidone-
iodine can be used for patients with a chlorhexidine 
allergy.  
CHG-IPA has been found to be an effective antisepsis 
for skin preparation and is superior to povidone-iodine 
(Darouiche et al., 2010; Maiwald & Chan, 2012).  The 
use of CHG-IPA has been cited in several studies with 
no report of neurotoxicity (Dasic et al., 2006; Flint et 
al., 2013, Gozal et al, 2014).  
Apply chlorhexidine-eluting patch over catheter exit 
site; do not wrap around catheter.  Do not use in 
patients with chlorhexidine allergy.   
The use of a chlorhexidine-eluting patch in 
ventriculostomies has not been directly studied, but was 
included in part of a bundle that was studied and shown 
to reduce infection rates (Flint et al., 2013).  
Benzoin tincture is applied to the surrounding skin and 
allowed to completed dry  
Maintains integrity and adherence of dressing. 
A medium-sized transparent adherent dressing ( 4 in x 
4 ¾ in)  is applied over the catheter exit site 
Transparent dressing allows for assessment of skin.  
Borders of the dressing are secured with sterile 
adhesive strips  
Maintains integrity of dressing. 
CSF sampling   
CSF sampling to be performed by RN who has 
demonstrated competency in critical skills training. 
The AANN considers this to be a high risk procedure, 
and recommends that staff are properly trained and 
competent (Slazinski et al., 2011).  
CSF sampling is to be performed as a sterile procedure.  
A hat, mask, sterile gown, and sterile gloves are to be 
worn.  
Maintains sterile environment 
The “blue and white Luer-lock CSF port” closest to the 
patient and surrounding tubing are cleansed with IPA. 
A sterile drape is placed beneath the tubing. Clamp 
stopcocks distal to CSF port until sample is drawn. Use 
3 mL syringe to withdraw 2 mL of CSF. Withdraw over 
at least one minute and place CSF in a sterile container. 
Re-establish stopcock if order is for patient to be open 
to drainage.  
No published studies on cleaning of EVD ports were 
found. The best data supporting the cleaning of EVD 
access ports are from the vascular access device 
literature. The CDC recommends alcohol for cleaning 
vascular access ports: povidone-iodine is also 
acceptable (Meyer, 2009) 
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Ventriculostomy Placement Worksheet 
 
Date and time of insertion: _____________ 
Type of catheter: Tunneled/Trauma ventric___ Camino ventric___ Antibiotic-coated ventric ___   
Neurosurgeon:__________________   Nurse Assistant ___________________ 
Inserted in OR_____/bedside_______/ED__________  
Neurosurgeon wearing hat, mask, gown, and sterile gloves?   yes    /    no 
Everyone in room wearing hat and mask?    yes   /  no 
Hair clipped in a wide enough area to allow for transparent dressing?  yes   /   no 
Antibiotic given within 60 minutes of insertion?    yes  /   no  
 
Date Time Provider - Name Access Reason 
S  = sample 
IT = antibiotic 
F  = flush 
D = Disconnect 
Sterile procedure 
used for access 
 
New set up for 
disconnect 
  Y  /  N 
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
Date and time ventriculostomy discontinued - ______________________ 
Figure 3. Ventriculostomy Placement Worksheet 
 
 
























intervention initiated 3/7 
6/29 
Intervention 
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Survey Questions and Results:  
 
1. Education was completed with the help of our former SDS (staff development specialist) 
and through a PowerPoint presentation that was emailed to the staff. Do you feel that the 
education provided was useful and effective in your understanding of the practice 
changes? Please rate degree of effectiveness on a scale of 1-5. (1 being the least effective 
and 5 being the most effective).  
Answered: 20, Skipped: 0  
 
Answer Choices Responses 
1 0.0%  (0)  
2 0.0%  (0) 
3 10.0%  (2) 
4 45.0%  (9) 




2. Are the Ventriculostomy Placement Worksheets readily available/accessible in practice? 
Answered: 20, Skipped: 0  
 
Answer Choices Responses 
Yes 95%  (19) 
No 5%   (1) 
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3. What do you perceive is the most significant barrier to administering an antibiotic within 
one hour of insertion?  
Answered: 20, Skipped: 0  
 
Answer Choices Responses 
A. Medication not ordered in a timely 
manner, at all, or not ordered “stat” 
5.0% (1) 
B. Medication not delivered by pharmacy in 
a timely manner 
60.0% (12) 
C. Procedure occurs emergently, leaving 
not enough time for ordering/ delivery/ 
administration 
35%  (7) 
D. Timely antibiotic administration not 
considered a priority 





4. Do you feel competent in performing a ventriculostomy dressing change as outlined in the 
“ICP Monitoring: Intraparenchymal Bolt and Ventriculostomy” CPG (Clinical Practice 
Guideline)?  
Answered: 19, Skipped: 1  
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Answer Choices Responses 
Yes 100%  (19) 
No 0.0%   (0) 
 
 
5. Do you feel competent in performing CSF sampling as outlined in the “ICP Monitoring: 
Intraparenchymal Bolt and Ventriculostomy” CPG (Clinical Practice Guideline)? 
Answered: 20, Skipped: 1 
 
Answer Choices Responses 
Yes 100%  (20) 
No 0.0%   (0) 
 
 
6. Please comment on your perception on how these practice changes affect overall patient 
care and outcomes.  
Answered: 5, Skipped: 15  
 
Responses:  
“The worksheets are useful because they allow us to track how a CSF infection might 
have occurred. The new CSF sampling method is a little less time consuming and allows 
the nurse to move onto the next task quicker.” 
“The neurosurgeons are still not shaving enough of the hair off, which makes dressing 
changes difficult to apply and stick to the patient.” 
“ I think it is better that the dressings are clear and visible, able to address when the 
dressing needs to be changed as compared to a larger gauze head dressing.” 
“ Preventing infection is key with critical patients, providing an effective and 
standardized practice allows for smoother flow among staff and providers” 
“I like the new dressing. I feel as if the site is more visible and easier to assess.” 
 
Figure 5. Survey Questions and Results   
